~" The recently completed report of the Study on Surgical Services for the United States (SOSSUS) reveals several features of interest to neurosurgeons. There are approximately 2000 individuals practicing neurosurgery in the United States at the present time. Three-fourths of them are board-certified, and about 100 residents complete their training each year. Neurosurgical training rates have been increasing at six to 10 times the growth rate for the nation's population. Despite moderate variation in regional geographic distribution of practicing neurosurgeons, there is no real evidence of underserved areas. Distribution is even in communities with a population of 75,000 and greater. A critical feature of practice is that of work loads. Diagnostic studies make up a large portion of neurosurgical work, and the SOSSUS Area Studies reveal that complex operations are relatively infrequent. This has serious implications regarding the maintenance of clinical competence, and in concentrating sufficient clinical experience to train future generations of neurosurgeons. It is important to realize that the number of neurosurgeons now in practice is sufficient to meet the nation's needs. Selective cutbacks in training programs by approximately 20% seem to be in order, in coordination with similar cuts in the other surgical specialties as well. This should be accompanied by a readjustment to a modest growth rate, approximately 1% per 5 years, in the ratio of neurosurgeons per 100,000 population. An accurate system of data collection is needed to provide the basis for future change in response to alterations in national needs.
tion and invaluable assistance of the various surgical specialty societies. It included many aspects of surgical care in the United States ranging from manpower to research, and from medicolegal aspects to community relations. The summary report of the Study was published in July, 1975 , and the full report, comprising some 2800 pages of data and descriptive text, is now in press. I appreciate the opportunity to discuss this subject which is of such critical importance to us all. The future development of our profession will be decided within the next few years. Only by making all surgical specialists fully aware of the current state of surgery can we begin to plan intelligently for this development. I would like to recognize the many contributors to the SOSSUS Study. The present discussion is limited largely to surgical manpower and I would like to express my appreciation to the SOSSUS Manpower Committee chaired by Dr. Francis D. Moore with the assistance of Dr. Osier Peterson, and their research group at the Harvard University School of Medicine and the Harvard University School of Public Health.
The Manpower Problem
There are many components of neurosurgical manpower studies. The first involves the groups of clinical practitioners. The second relates to the personnel devoted to research and education: this group is responsible for the future direction of the profession and for maintaining its scientific and clinical stability. A third component involves the distribution of our human resources. This can be regarded in various ways, for instance, one G. D. Zuidema region compared with another, urban versus rural, or national versus international concentrations of neurosurgeons. The fourth component deals with the ratio of specialists per 100,000 population and how this ratio is, or is not, effective. Ratios of this kind are subject to debate, for needs are difficult to quantify. Nonetheless, ratios have become the basis for the estimation of our manpower needs projected for the future. The fifth and final component to be examined deals with the work loads of practicing neurosurgeons. This aspect is not related solely to the level of activity, but also to the level of work necessary to maintain a high degree of competence in neurosurgery. It is from these five components that we will examine the dimensions of neurosurgical manpower in the United States in the 1970's, and the implications that these hold for the future.
A basic consideration is the profile of neurosurgical manpower as it exists today. By 1971, the American Board of Neurosurgery had certified 1353 diplomates. In 1973, the Directory of Medical Specialists listed 1516 specialists in neurosurgery, and this growth rate can be projected to approximately 1780 by the year 1978. This year there are 91 approved neurosurgical training programs in the United States and an additional 11 in Canada, totaling 102 approved programs with a net output of approximately 100 residents a year. This is not the whole story, however; for a variety of reasons, there is a large number of uncertified neurosurgeons in practice in the United States, and for all practical purposes it is important to consider the total group rather than simply use the number of certified individuals for a manpower study of this kind. Table 1 gives a breakdown of the professional activities for the entire neurosurgical manpower pool. Omitting individuals in residency training and retired, a total of 2040 individuals are practicing neurosurgery at the present time. More than 80% of the practicing neurosurgeons are 55 years of age or less, so that this is a young and vigorous professional group. Furthermore, the number of individuals achieving certification by The American Board of Neurological Surgery on an annual basis has nearly doubled over the past decade. While the population in the United States is currently growing at 0.6% annually, neurosurgical training rates have been increasing at six to 10 times that rate. 
Spread of Neurosurgicai Manpower
Although the national ratio of neurosurgeons per population is 1.1:100,000, there is considerable regional variation (Fig. 1) . The ratio ranges from a high on the Pacific coast of 1.49:100,000 population, to a low in the West North Central area of 0.71:100,000. The New England and the Southern Atlantic states enjoy a ratio of greater than 1.0 per 100,000, while the Middle Atlantic, East North Central, East South Central, and West South Central areas are all below that ratio. Another way of showing this spread is to look at the distributional curve of surgical specialists by states (Fig. 2) . When the information is displayed in this way it is seen that although the availability of neurosurgeons is limited in a few of the sparsely populated states, the mean distribution is relatively good. Table 2 shows the distribution of manpower between urban and rural areas, together with an urban-to-rural ratio, for six surgical specialties, as well as internal medicine and pediatrics. This ratio for neurosurgery is nearly 10 to 1. This point is further emphasized in Fig. 3 , which shows the distributional density of neurosurgeons by community size. Here it is seen that the number of neurosurgeons practicing in rural counties is, of course, limited, but that the mean distribution of neurosurgeons by population is fairly level once communities reach 75,000 to 100,000 population. This type of distribution is exactly what one would expect to find with a group of physicians practicing a highly specialized body of clinical work, most of it elective, and requiring a high order of clinical care and highly skilled ancillary supporting services.
It is of interest to compare neurosurgical manpower in the United States with that in other countries. For example, the number of neurosurgical specialists per 100,000 population in this country is nearly double that of our next closest rival, Scotland. We have double the ratio of neurosurgeons per population found in Canada and four times as many as are found in England and Wales (Fig. 4 ). There are now more neurosurgical consultants in the state of Massachusetts with a population of 5 million than are currently at work in all of England and Wales, with a population of some 50 million. By any yardstick of comparison we seem to be richly endowed.
Neurosurgical Work Load
The next subject for consideration deals with work loads as a measure of the level of activity of neurological surgeons engaged in clinical practice. The broadest sample available today is the Professional Activities Study (PAS) experience. It summarizes approximately 30% of the clinical work done in this country. Only two neurosurgical operations appear among the list of the 50 most common procedures: diagnostic studies (121,827), and operations for intervertebral disc (40, 455) . These operations represent a fairly small fraction of the total of 3,558,117 procedures recorded by this study during 1969. In view of the importance of diagnostic studies in neurosurgical work loads, it is fair to point out that the further development of computerized tomography of the brain, and its increasing availability in medical centers throughout the United States, may have a significant effect upon the numbers and kinds of diagnostic procedures performed in the future.
Another approach to the examination of work loads is included in the SOSSUS area studies. These reviews were conducted by research teams under the direction of Dr. Osier Peterson, and the approach involved visits to four geographical areas within the continental United States. Studies were made of all operative work performed over a period of 1 year in all hospitals within each geographical area. The population of these areas ranged between 650,000 and 1,350,000 (Table  3 ). The term "operation" was interpreted as "a procedure for which a fee was charged, an operative note was dictated, and an anesthetic agent other than local was used." It should be noted that these criteria exclude angiographic procedures and myelography. All procedures were classified by the HICDA (Hospital International Code of Diseases Adopted) designation, they were weighted according to the California Relative Value Scale, and the designation was applied to the principal procedure only. Each operation was identified by surgeon, and full biographical data on the primary surgeon was obtained. Table 4 shows the relative frequency of the six most commonly performed neurosurgical operations plus operations on aneurysm, endarterectomy, and brain tumor in each SOSSUS geographical area. The statistics are displayed for the median number of procedures, as well as maximum numbers for both boardcertified and noncertified neurosurgeons. A good idea of the median surgical work load can be obtained, therefore, by simply reviewing the median figures for each of these groups. This shows that excision of intervertebral cartilage is the leading operation in three of the four areas, and it occupies the third most common position in Area D. A careful review of the statistics reveals that the more difficult neurosurgical procedures such as management of intracranial aneurysms, carotid endarterectomy, hypophysectomy, and surgery for brain tumor are all infrequently performed. The areas show a reasonable mix between urban and rural population. Area B particularly shows a good cross section between Caucasian and black populations (Table 3) . While we would urge caution against the extrapolation of these data to apply fully to the United States population, the mix is, nonetheless, comprehensive enough to give good insight into the type of median work load conducted by practicing neurosurgeons in these areas.
It is now appropriate to ask what inferences can be drawn from this type of information regarding neurosurgical work loads. Although an exhaustive survey was not completed on a national scale, the SOSSUS study was unable to identify any geographical area within the continental United States where neurosurgical care could be termed "inadequate." While modest redistribution of a small number of practicing neurosurgeons might be helpful in strengthening some of the less well populated areas of the country, it would be hard to justify a massive manpower buildup to solve this problem.
Another significant finding is that the frequency of operations requiring special skill and expertise is surprisingly low. This fact raises serious questions as to whether the volume and type of clinical work is sufficient to maintain high levels of clinical competence for large numbers of practicing neurosurgeons. As an offshoot effect, this lack of adequate experience might have far-reaching impact on neurosurgical training programs. The ultimate result might be a serious erosion and depletion of theoretical and practical experience. In such a situation it is also conceivable that the practicing clinician would fail to recognize his limitations with the passage of time. It is fair to ask whether one or two craniotomies a year for brain tumors or aneurysms are sufficient to maintain clinical expertise. This in turn could have some grave implications regarding professional liability.
A further point that deserves consideration is the concern which society expresses about the possibility of unnecessary surgery. We have seen these ideas aired repeatedly in the lay press, that with the overabundance of personnel, there may be a temptation to perform unnecessary diagnostic studies or operations. Whether this likelihood is real or imagined, the concern is present and real.
These facts must be considered together with the determination that our present supply of neurosurgeons is probably sufficient to meet the nation's needs. The recognition of this situation is critical, for it has important implications for the future of neurological surgery. It is essential to take prompt action to control the unrestricted growth of training programs. The pruning "140 J. Neurosurg. / Volume 46 / February, 1977 must be highly selective, however, for there are target areas that require urgent attention. One such area has been the recognized shortage in research and teaching personnel, and the need to strengthen academic neurosurgical manpower. The profession could immediately address this specific objective.
Regionalization of Care
The profession would also be well advised to consider carefully the potential benefits to be gained by regionalization of care. Important features of neurosurgical care include the need for sophisticated diagnostic capability, for high-level neurological and pathological consultation, for excellence in intensive care, anesthesiology services, and ancillary personnel. Good transportation systems are now readily available, so that patients can easily be delivered to an area where all of these essential ingredients are available. With the advent of expensive diagnostic equipment, such as that used for computerized tomography, this equipment could be available to more patients through regionalization. An obvious side benefit from concentrating complex clinical work would be an increase of available clinical material for residency training and undergraduate medical educational programs.
Coordination of Related Specialties
It is important to consider the potential impact of the growth of related specialties. Many neurosurgeons also function as neurologists and neuroradiologists. Neurology, however, has increased the number of its training programs by more than 90% over the past 20 years. There are now about 3000 competent neurologists in practice, and more than 1100 residency positions available each year. In 1970, there were nine neuroradiology training programs, and their graduates are assuming increasing responsibility for diagnostic studies. Many diagnostic techniques are rapidly becoming obsolete and newer methods such as computerized tomography may further change this situation in the future. We have witnessed a steady growth of orthopedic training programs. There are now 192 such programs, with approximately 10,000 practicing orthopedists in the United States. They share in the care of patients requiring disc surgery, and in management of patients with spinal cord injuries. tArea A has seven board-certified and four noncertified neurosurgeons.
:~Area B has six board-certified and one noncertified neurosurgeons. w C has six board-certified and five noncertified neurosurgeons. There were no procedures involving aneurysms, excision of brain tissue, or endarterectomies.
][Area D has 13 board-certified and nine noncertified neurosurgeons. It is fair to ask what the future will hold for neurological surgery. As a group, we should recognize the relatively minor maldistribution Problem that exists, and seek ways to correct these problems. Attempts to solve this situation by the increased production of neurosurgeons, however, in the faint hope that the laws of supply and demand will take care of the situation, will lead to an inefficient, wasteful, expensive, and almost surely unsuccessful solution.
It is clear that the public and the Congress feel that our supply of neurosurgeons is overabundant. Without going into a full discussion of the matter, it is fair to state that there is a strong interest in Washington in setting up a mechanism to control the number of residency positions available in all medical and surgical specialties. The Coordinating Council on Medical Education (CCME) was invited to take on this responsibility but declined on the basis that it would inevitably lead to its becoming involved in politics, with certain undesirable side effects. The Institute of Medicine has had a commission working on the problem in response to a request from the Social Security Agency. It is likely that this commission will recommend a quasi-governmental agency made up of professionals and consumers, but reporting to the Department of Health, Education and Welfare, to allocate residency positions. Many of us have strong personal feelings that it is essential that these decisions remain in the voluntary sector under professional leadership.
The latest figures from the American Board of Medical Specialists show that, allowing for double certification in thoracic surgery and plastic surgery, there were approximately 3200 specialists certified by the ten surgical boards during 1974. The SOSSUS figures suggest that this number is considerably larger than is necessary to meet the nation's needs. A decrease of at least 20%, and possibly more, would bring us closer to our real requirements. There are of course, several possible approaches to the problem. One option might be to ask the surgical specialties to limit their overall output to approximately this target number, after reaching internal agreements and establishing voluntary quotas for the individual specialties. An alternative plan would be to simply accept the fact that our present dis-
tribution is roughly satisfactory and ask all specialties to implement a flat 20% decrease.
Although it would be difficult to get 10 surgical specialties to agree to voluntary cuts of this type, the almost certain imposition of external controls if we fail to act should be sufficient incentive. The important question now is what would cuts of this kind mean for neurosurgery and the other surgical specialties? The corollary to that is what annual growth rate would be ideal after this initial cut is made? It is possible to predict the growth in the ratios of surgeons to population over the next three decades for all 10 surgical specialties. Figure  5 shows these projections for board-certified surgeons only; which for neurosurgery in particular refers to significantly fewer than the total number in practice. It is obvious that continued growth of this magnitude cannot be justified. The problem facing us is how to select and implement a proper plan, as a part of an overall plan for all of the surgical specialties. Although we have detailed manpower data available to us for the first time, we are not capable of fully solving all distributional problems in our voluntary society by simply assigning personnel to fill specific positions. Due allowances must be made, of course, but the first step should be to develop a cut of approximately 20% in manpower production. Although this decrease should be made expeditiously, it should not be made by sacrificing programs of high quality. It is also important that the change be achieved by a phasing-in process, so that individuals now in training would not be jeopardized.
The initial retrenchment in training positions should be followed by an orderly plan for the future. It would serve no useful purpose to establish a new baseline for training positions, only to return then to uncontrolled growth. Based upon the SOSSUS figures, it can be assumed that once the cutback has been established, an annual growth rate of approximately 1% per 5 years in the ratio of surgeons per 100,000 population would be sufficient to meet anticipated manpower requirements. The effect of such a plan is shown in Fig. 6 , where the certification rates for 1972 through 1977 are taken as baselines, and the numbers to be certified are calculated to achieve a growth rate of 1% per 5 years in the ratio of surgeons per 100,000 population. Figure 7 shows the initial decrease in numbers of residents in all surgical specialties, fol- lowed by the institution of the controlled growth rate described above. The figure also shows the number of certified specialists in practice at each time interval. Figure 8 is comparable, but applies only to neurosurgeons.
We need a satisfactory system of data collection, to permit us to keep track of professional trends, to make it possible to effect G. D. Zuidema change as it becomes necessary, and to keep us responsive to national needs.
It is obvious that many aspects of this subject deserve much greater discussion than this passing attention to the major issues. The aim has been to present a current picture of the manpower situation as it exists in neurosurgery, and the implications that can be drawn in terms of work loads and clinical competence. All of these factors are of critical importance in determining the future of the discipline. Although time is short, we still have a choice as to how to shape the future. There is a need for medical statesmanship of the highest order. We cannot afford to let this opportunity pass us by.
